Introduction
Porous silicon (PS) structures are widely used to yield efficient visible photoluminescence (PL) at room temperature [1, 2] . As we know, white light is very important for optoelectronic devices. However, the visible light emissions from PS structures usually only appear in the red-light wavelength region by conventional manufacturing methods. The white light emissions including blue light are still difficult to observe on PS samples to date. Generally, white light is provided by a combination of three light emitting sources giving red, green and blue (RGB) colors. Therefore, the white light emission device is usually composed of three color light emission chips. In this study, to overcome the difficulties of white light emissions on PS samples, a simple thermal annealing method are originally introduced. By high-temperature thermalannealing, the annealed PS samples are sensitive to the ultraviolet (UV) light and show strong white PL under UV excitation. The white light emitters, including RGB colors, appearing on the same PS samples are originally obtained and discussion.
Experiment
In experiments, the electrochemical anodization for preparing PS is performed in a hydrogen fluoride (HF) solution with an anodic current (10 mA/cm 2 ) on p-type Si (100) wafers. After the electrochemical anodization, the PS samples are subsequently subjected to thermal annealing in a quartz tube furnace in Argon ambient for 60 min.
Results and Discussion
To analyze the impact of thermal annealing on the p-type PS samples and their PL properties, five different annealing temperature cases (ranging from 400 to 800 ºC) as well as a non-annealing case are discussed in this paper. In figure 1 , the top views and cross-section views of scanning electron microscopy apparatus (SEM) images in all cases are shown. It is found that many cracks are formed easily and the surface membranes curl up easy and deform at higher temperatures. The high annealing temperature does not only cause the variations on surface morphology but also cause the changes in the PL spectra.
PL spectra and the unaided-eye photos of the PS samples with and without thermal annealing under the excitations of HeCd laser beam (325 nm) are shown in figure 2 . In non-annealing case, an orange-red emission at peak 610 nm is observed. On the other hand, an obvious blue-shifting occurs in all postannealing cases in this study. In all post-annealing cases, strong full-color light emissions ranging from 680 to 370 nm are clearly observed. In addition, when the temperature increases, the full color light emission changes from warm white light to cold white light. By high-temperature thermal-annealing (>500°C), the annealed PS samples show strong white PL under UV excitation. It indicates that a full color visible light emission including RGB colors can be produced on the post-annealing samples. The PL spectra corresponding with the Fourier transform infrared spectroscopy (FTIR) spectra are examined together for further understanding of the correlation between the chemical bonding structures and the light emission wavelengths as well as intensities. 
Conclusions
In conclusion, the prepared PS samples are sensitive to the UV light and useful for UV detectors. The clear visible white light emissions on PS structures are originally obtained by a simple annealing method. By the high-temperature thermalannealing, the white light emitters, including RGB colors, can be observed clearly. The room-temperature white light emission properties would have great potential in optoelectronics and visible-light emitters. Fig. 2 The PL spectra and the unaided-eye photos of the PS samples with and without thermal annealing under the excitations of He-Cd laser beam at room temperature.
